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Summary The aim of this retrospective, multicenter clinical study was to evaluate
the aetiology of epilepsy in surgically treated patients in China. The detailed clinical
records of all intractable partial epilepsy (IPE) were reviewed in ﬁve tertiary refer-
ral centres from June 1991 to June 2000. 1650 patients (927 males, 723 females)
were recruited. 41.4% had aetiological factors, including the histories of major brain
trauma (20.9%), febrile seizure (6.5%), meningitis (5.4%), encephalitis (5.0%), pre-
natal distress (2.1%), birth trauma (0.8%) and family history of seizure (0.7%). The
pathological lesions were divided into eight groups according to the nature of the
lesion: scar (19.2%), vascular malformations (VM) (17.7%), hippocampal sclerosis (HS)
(16.2%), tumours (15.0%), gliosis (12.1%), neuronal migration disorders (NMDs) (7.4%),
intracranial infection (4.5%), and other lesions (7.9%). In conclusion, effective man-
agement of these aetiological factors and pathological lesions may be essential to
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deal with IPE. Scar, HS, VM, NMDs are the most likely consequences of antecedent
morbid events.
© 2003 BEA Trading Ltd. Published by Elsevier B.V. All rights reserved.
Introduction
In March 1991, the Association and Board of Direc-
tors of China Epilepsy-Surgery (ABDCES) was estab-
lished. From then on, the epilepsy surgeries with
the uniﬁed operation indications were performed
on patients from both urban and rural region in
provincial hospitals. Great achievements have been
attained in the epilepsy-surgery, however, there is
still lack in systematic investigation of the aetiol-
ogy of intractable partial epilepsy (IPE) treated by
operation in China. Here, we analysed, retrospec-
tively, a series of 1650 surgically treated Chinese
patients of IPE in ﬁve tertiary referral centres from
1991 to 2000.
Patients and methods
From June 1991 to June 2000, 2100 patients with
the main symptom of seizure got a ﬁnal diagno-
sis of IPE according to the standard introduced
by Leppik.1 The same strategy of pre-operation
preparation and operation indications (Table 1)
were followed by the ﬁve tertiary referral centres
located in Beijing, Shanghai, Chengdu, Changsha
and Guangzhou, respectively. For patients in whom
a structural lesion was present on imaging and with
distinct unilateral seizure foci, an operation was
performed when the principal EEG focus was con-
gruent and the lesion could be removed without
risk of deﬁcit. The management of these IPE is list
in Table 2. Using lobectomy (e.g. anterior temporal
lobectomy and selective amygdalohippocampec-
tomy), corticectomy or lesionectomy, resective
region was composed of the seizure lesion and fo-
cus, if feasible. Finally, 1650 of them were eligible
in our study.
Table 1 Strategies of pre-operation preparation and operation indication.
Pre-operation preparation Operation indications
Prolonged electroencephalography (EEG),
monitoring of spontaneous seizures with
scalp, epidural, subdural electrodes
Intractable partial epilepsy
CT and/or MRI Lesion could be removed without risk of deﬁcit
Wada test Without mental retardation and psychiatric symptoms
Neuropsychological assessment Without insufﬁciency of organ
Independent speech and language evaluation Without cerebral progressive disease
The seizure lesion specimens, dealt with tissue-
chemistry (HE or Morris), immunocytochemistry
and/or ultrastructure technique, were undertaken
pathological examinations immediately after oper-
ation by three neuropathologists and re-examined
by one experienced neuropathologist (Li J.-H.) in
2001. The main diagnostic criteria of pathology
were list in Table 3. According to the locations of
seizure lesion, they were divided into two groups:
temporal lobe (TL) and extra-temporal lobe (ETL).
A retrospective review was conducted. Epilepsy
history and aetiological factors were obtained
from the neurologic record. Aetiological factors
were classiﬁed according to the criteria set out in
Table 4. The details were asked of parents or other
family members by direct interview or telephone,
when necessary. Percentage was used to describe
the feature of aetiologies.
Table 2 Management of IPE.
Management Number
Operation 1879
Resection of seizure focus
and/or lesion
1650
Corpus callosotomy 229
Conservative treatments 221
Normal neuroimage 73
Cerebral progressive disease 91
Mental retardation
(intelligence test <70)
21
Multi-lesions 16
With mental retardation and
psychiatric symptoms
8
Insufﬁciency of organ 1
Total 2100
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Table 3 Diagnostic criteria of pathology.
Pathology Diagnostic criteria
HS Preferential neuronal loss in CA1 and CA3/4 and concomitant reactive astrogliosis
NMD Depends on the presence or absence of following histological features: cortical laminar
disorganization, columnar arrangement of cortical neurons, marked clustering of neurons
throughout cortical neurons, persistent subpial granule cell layer, neuroglial neurons, persistent
subpial granule cell layer, neuroglial tissue in the leptominges, marked perivascular clustering of
oligodendroglis in the white matter, single heterotopic neurons in the deep white matter, nodular
heterotopia of white matter, glioneuronal hamartia, giant neurons and balloon cell change
Tumour Detailed diagnostic criteria have been published previously2
Infection Microglial and lymphocyte series accumulate or proliferate within brain, presence of
microorganism
Table 4 Diagnostic criteria of aetiological factors.
Aetiology Diagnostic criteria
Major brain trauma Head injuries associated with lose of consciousness (more than 30min), skull
fracture, intracerebral bleeding, or seizures
Febrile seizure Seizures occurring in the ﬁrst 6 years of life in association with fever, without
central nervous system infection or other deﬁnable cause, and not proceeded by
afebrile seizures
Meningitis Seizure dating from a proven episode of bacterial or tuberculous meningitis
Encephalitis Seizure dating from a proven episode of encephalitis
Prenatal distress Apgar score <5, intubation performed or conﬁnement in incubator or in intensive
care unit, complicated by respiratory distress
Birth trauma Intracerebral bleeding in the course of delivery
Family history of seizure A history of seizure in a ﬁrst or second-degree relative
Results
In the study, 927 patients were males, 723 were fe-
males. Themedian age was 21.4 years (5—60 years).
The median age at onset of epilepsy was 13.5 years
(1—45 years). The duration of epilepsy was 12.7
years (3—26 years). The seizure types of these IPE
are listed in Table 5 according to the standard of
International League Against Epilepsy.3
The aetiological factors are showed in Table 6.
In this population, 683 (41.4%) had these fac-
tors. The most common factors were major brain
Table 5 The seizure type of IPE.
Seizure type Number Percent
Complex partial seizure 797 48.3
Secondarily generalized seizure 666 40.4
Simple partial seizure 187 11.3
Total 1650 100.0
trauma (20.9%), intracranial infection (10.4%) and
FS (6.5%). The direct causes of brain trauma were
composed of accidents of motorcycle (133), con-
struction work (86), alcohol abuse (52), car (39),
brain operation (17), fall (11) and ﬁght (7), which
occurred in the median age of 20.6 years. FS was
mainly found in the patients with temporal lesions.
According to the pathological nature, the le-
sions were divided into eight groups (see Table 7)
as follows: scar (19.2%), vascular malformations
(VMs) (17.7%), hippocampal sclerosis (HS) (16.2%),
tumours (15.0%), gliosis (12.1%), neuronal migra-
tion disorders (NMDs) (7.4%), intracranial infection
(4.5%), and other lesions (7.9%).
Furthermore, patients with different patholog-
ical lesions had a sub-spectrum causal factors
(see Table 8). 90.2% of scar had aetiological fac-
tors which included brain trauma (53.8%) and in-
tracranial infection (30.4%) mainly. Occult vascular
malformation (oVM) took a portion of 79.3% of Cav-
ernous angioma, among them 89.0% suffered causal
events at the age younger than 7 years old. In TL,
HS as the major lesion often had history of FS,
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Table 6 Aetiological factors of IPE.
Aetiology TL (n = 904) ETL (n = 746) Total (n = 1650)
m Percent m Percent m Percent
Trauma 199 22.0 146 19.6 345 20.9
FS 103 11.4 5 0.7 108 6.5
Meningitis 54 6.0 35 4.7 89 5.4
Encephalitis 37 4.1 45 6.0 82 5.0
Distress 18 2.0 16 2.2 34 2.1
Birth trauma 13 1.7 13 0.8
FHS 12 1.6 12 0.7
Total 411 45.5 272 36.5 683 41.4
Trauma: history of major brain trauma; FS: history of febrile seizure; Meningitis: history of meningitis; Encephalitis:
history of encephalitis; Distress: history of prenatal distress (such as Apgar score <5, intubation performed or
conﬁnement in incubator or in intensive care unit); Birth trauma: history of birth trauma; FHS: family history of
seizure.
brain trauma, or intracranial infection. All these
tumours (e.g. astrocytoma, oligodendroglioma,
meningioma, ganglioglioma) were relatively be-
nign with epilepsy as the only symptom for a long
Table 7 Spectrum of pathology according to the locations of lesions.
Nature of lesion TL ETL Total
Scar 168 (18.6%) 148 (19.8%) 316 (19.2%)
VM 184 (20.4%) 108 (14.5%) 292 (17.7%)
CA 147 75 222
AVM 37 33 70
HS 268 (29.6%) 0 268 (16.2%)
Tumour 90 (10.0%) 157 (21.1%) 247 (15.0%)
Astrocytoma 39 78 117
Oligodendroglioma 28 48 76
Meningioma 9 21 30
Ganglioglioma 14 10 24
Gliosis 63 (7.0%) 136 (18.2%) 199 (12.1%)
NMD 50 (5.5%) 72 (9.7%) 122 (7.4%)
Heterotopia 0 6 6
Dysplasia 50 60 110
Pachygyria 0 3 3
Polymicrigyria 0 3 3
Infection 15 (1.6%) 60 (8.0%) 75 (4.5%)
Neurocysticercus 5 19 24
Granuloma 10 8 18
Encephalitis 0 17 17
Schistosome 0 9 9
Tuberculoma 0 7 7
Arachnoid cyst 15 (1.6%) 29 (3.9%) 44 (2.7%)
Calciﬁcation 16 (1.8%) 27 (3.6%) 43 (2.6%)
Encephalomalacia 25 (2.8%) 0 25 (1.5%)
Pore-cyst 10 (1.1%) 9 (1.2%) 19 (1.1%)
Total 904 (100%) 746 (100%) 1650 (100%)
Astrocytoma: low grade astrocytoma; VM: vascular malformation; CA: cavernous angiomas; NMD: neuronal migra-
tion disorders; Dysplasia: cortical dysplasia; Granuloma: inﬂamed granuloma; Encephalitis: chronic encephalitis;
Schistosome: cerebral schistosome; Pore-cyst: porencephalic cyst.
duration (>3 years). Cortical dysplasia was the ab-
solutely main subtype NMD (90.2%), of which 79.0%
had causal factors that comprised of head trauma,
prenatal distress and intracranial infection at the
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Table 8 Relationship between anteceded causal factors and underlying pathologies.
Nature of lesion Brain
trauma
Infection FS Prenatal
distress
Deliver
trauma
Family
seizure
Total
Scar (316) 170 (53.8%) 96 (30.4%) 9 (2.8%) 3 (0.9%) 7 (2.2%) 285 (90.2%)
Dysplasia (110) 57 (51.8%) 10 (9.1%) 2 (1.8%) 15 (13.6%) 3 (2.7%) 87 (79.0%)
HS (268) 44 (16.4%) 15 (5.6%) 76 (28.4%) 6 (2.2%) 141 (52.6%)
oVM (176) 30 (17.0%) 36 (20.5%) 10 (5.7%) 76 (43.2%)
Pore-cyst (19) 19 (100.0%) 19 (100.0%)
Encephalomalacia (25) 10 (40.0%) 10 (40.0%)
Calciﬁcation (43) 6 (14.0%) 4 (9.3%) 4 (9.3%) 3 (7.0%) 17 (39.5%)
Gliosis (199) 6 (3.0) 8 (4.0%) 17 (8.5%) 8 (4.0%) 39 (19.6%)
Arachnoid cyst (44) 3 (6.8%) 2 (4.5%) 5 (11.4%)
Heterotopia (6) 4 (66.7%) 4 (66.7%)
oVM: Occult vascular malformation.
age younger than 3 years old. Cerebral infections
were chronic nonprogressive lesions, with seizure
as the only dominant symptom.
Discussion
There were a lot of studies about the pathology in
patients with IPE. Cendes et al. studied 167 pa-
tients who had identiﬁable lesions and temporal or
extratemporal partial epilepsy.4 The pathology in-
cluded low-grade tumours (31.1%), NMDs (28.7%),
VMs (20.4%), gliotic lesions (10.2%) and poren-
cephalic cysts (9.6%). Compared with Cendes et al.
study, the high frequency of scar in our patients
with IPE was striking. It had taken the main portion
of pathology in TL and ETL. Majority of patients
with scar had causal factors such as head trauma,
intracranial infection, and febrile seizure. It seems
most likely that a consequence of preceded cere-
bral damage presents the important feature of
aetiology. It suggests that controlling the cause of
head trauma might lead to subside the incidence
of IPE. Our government should take steps to make
sure of safety of trafﬁc and production.
VMs are associated with epilepsy.5 In this study,
VMs took a portion of 17.7% similar to 20.4% in
Cendes’ ﬁnding,4 came to the second place of un-
derlying pathology. 43.2% of patients with oVMs had
causal histories when they were younger than 7
years old. It is hard to say that all oVMs are conse-
quence of preceded cerebral damage. However, it is
supposed that oVMs could reduce with the diminu-
tion of causal factors.
In our study, HS is the most common underly-
ing pathology in TL, similar to previous studies.6
Hippocampus, a very vulnerable region, can be im-
paired by many factors including of head trauma,7,8
FS4,9 and intracranial infection.10,11 Given the pos-
sibility that these factors may cause hippocampal
damage and epilepsy, they require prevention and
urgent medical intervention.
The incidences of brain tumours have been re-
ported to be 31.1% in IPE,4 34.7% in TL6 and 27.8%
in ETL.12 In our study, 15.0% of IPE, 10.0% of TL and
21.1% of ETL harboured a primary tumour. These in-
cidences may appear to be low. Astrocytoma took a
portion of 47.4% in this group, was themajor tumour
type, consistent with Le Blanc and Rasmussen’s13
study (59%). In our series, patients with brain tu-
mour had seizure as the main symptom in a long
duration (3—25 years). Mass effects were rare. In
this clinical setting, it is necessary to pay attention
to the existence of tumour in patients with IPE, we
advocate early choose of MRI or other neuroimaging
detection, especially in developing countries.
NMDs were more common in the reports of
other countries with the detection rates of 27.0—
44.4%,4,12 while 7.4% in our study. It is similar to
other study that the major type is cortical dys-
plasias. There is some controversy about the on-
togenic stages in which these occur.14 79.1% of
patients with dysplasias had a positive history oc-
curred with preferred age. This observation suggest
that minor morbid events occurring in the postnatal
period may lead to dysplasia, probably support evi-
dence for some cortical dysplasias occurring during
postmigrational intrinsic cortical organization.
Recently, a lot of study demonstrated that brain
infection, including chronic encephalitis may be
cause of cryptogenic epilepsy.15,16 In our series,
infection was found in 4.5% of IPE. There were
two striking characteristics compared with previ-
ous reports.15,16 First, the lesions of chronic en-
cephalitis found in patients with IPE were patchy
but widespread parenchymal brain injury, in which
cells of both microglial and lymphocyte series ac-
cumulate or proliferate within brain. Second, they
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were chronic nonprogressive lesions. Attention
must be paid to IPE with this kind of pathologic
substrate because aetiological treatments may be
enough.
In conclusion, effective management of these ae-
tiological factors and pathological lesions may be
essential to deal with IPE. Scar, HS, VM, NMDs are
the most likely consequences of antecedent morbid
events.
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